The evolutionary origin of eusociality has been the subject of much recent debate. In particular, the role of haplodiploidy has been questioned. With the aim of contributing to our understanding of this process, I propose the classification of eusociality into 2 kinds: female-only and male-female eusocial societies. The former occurs in haplodiploid animals, whereas the latter evolved in animals that live inside their food. In female-only eusociality, females are highly related because of haplodiploidy, whereas in male-female eusociality, living inside food promotes inbreeding among both male and female colony members, leading to both sexes being highly related. By reviewing the occurrence of these 2 kinds of extremely altruistic social systems, I argue that kin selection is crucial in both cases, giving support to the hypothesis that haplodiploidy was essential for the evolution of eusociality in animals possessing this trait.
The evolutionary origin of eusociality has been the subject of much recent debate. In particular, the role of haplodiploidy has been questioned. With the aim of contributing to our understanding of this process, I propose the classification of eusociality into 2 kinds: female-only and male-female eusocial societies. The former occurs in haplodiploid animals, whereas the latter evolved in animals that live inside their food. In female-only eusociality, females are highly related because of haplodiploidy, whereas in male-female eusociality, living inside food promotes inbreeding among both male and female colony members, leading to both sexes being highly related. By reviewing the occurrence of these 2 kinds of extremely altruistic social systems, I argue that kin selection is crucial in both cases, giving support to the hypothesis that haplodiploidy was essential for the evolution of eusociality in animals possessing this trait. Key words: eusociality, evolution, Hamilton's rule, haplodiploidy, kin selection, relatedness. [Behav Ecol] In the introduction to their controversial article on the evolution of eusociality, Nowak et al. (2010) dismiss haplodiploidy as a factor in this process, because "termites never fitted this model of explanation." Then, in one of the response letters to Nowak et al., 137 authors, while arguing in favor of kin selection, agree that "It was already known that haplodiploidy itself may have only a relatively minor bearing on the origin of eusociality" (Abbot et al. 2011) . Bourke (2011) , in a review also stemming from Nowak et al.'s paper, argues that the actual role of haplodiploidy in the evolution of eusociality "remains in limbo" although it has "not been falsified."
In this note, I argue that a fresh look at the distribution of eusociality across taxa, with and without haplodiploidy, can shed light on the evolution of this trait and the role of haplodiploidy therein. To this end, I will draw attention to 2 commonly underemphasized points related to the evolutionary origin of eusociality. The first is the existence of 2 forms of eusociality, namely, female-only and male-female eusociality; the second is the ecological distribution of malefemale eusociality, which strongly indicates that kin selection has been involved in all instances of its evolutionary origin. Taking these considerations into account then brings support to the haplodiploidy hypothesis for the evolution of eusociality among animals possessing this trait; and finally, I will point out an important conceptual flaw in Nowak et al.'s model, a flaw not present in a kin selection approach.
If we look at hymenopteran eusocial species, we see that their workers are always all female, whereas males do not help or perform any of the colony's chores (Hamilton 1964) , living only for themselves and to eventually attempt to reproduce with an alate female. If, on the other hand, we look at the societies of diplodiploid eusocial animals, such as termites and naked mole-rats, we find that both males and females within a colony work but do not participate in reproduction (except when alates or dispersers are produced, Wilson 1975 ,  Table 20 -6), a point made by Hamilton himself (Hamilton 1964) . Thus, the reason why "termites never fitted this [the haplodiploid] model of explanation" (Nowak et al. 2010 ) is that their society is fundamentally different from that of haplodiploid eusocial animals, not that haplodiploidy is unimportant: termite society is composed of both sexes, whereas that of haplodiploids is composed of females only.
I would like therefore to propose that eusocial societies be classified into female-only and male-female eusocialities, thus emphasizing a well-known but often overlooked difference. For instance, in a comparison of the evolution of eusociality in hymenopterans and termites, Howard and Thorne (2010) mention this fact only once (p. 101) and they argue that primitive female-only parental care and stings in females predispose hymenopterans to eusociality, rather than the 0.75 relatedness coefficient among females (Hamilton 1964) . The fourth edition of the classic textbook by Davies et al. (2012) presents a comparative table of the social behavior of hymenopterans and termites and the essential fact that workers in the former are all female, whereas in the latter they are of both sexes, is omitted. Crozier (2008) does make clear that females are the eusocial sex in hymenopteran societies and that this is compatible with the asymmetric relatedness in this group, but he cites models indicating that males should also be helpers under haplodiploidy, implying that the relatedness asymmetry is not essential for the evolution of helping. Such models suggest that mean relatedness between sexes in hymenopteran species is not different to the diploid case, but sex ratio theory indicates that a biased sex ratio does make the asymmetry in relatedness relevant to the role of kin selection in the evolution of eusociality (Trivers and Hare 1976; Meunier et al. 2008) . In a recent model by Fromhage and Kokko (2011) , aimed at testing haplodiploidy and monogamy (monandry) against diplodiploidy and biandry as traits promoting eusociality, male offspring are assumed to always disperse (i.e., not become workers) and females to either reproduce or stay as helpers. This model, therefore, only applies to the evolution of femaleonly eusociality. Queller and Strassmann (1998) classified eusocial animals into "life insurers" and "fortress defenders," which coincides with the female-only and male-female kinds proposed here, respectively. I believe that a classification of eusocial societies as female-only and male-female has greater heuristic value, and that taking this distinction into account can contribute to clearing the current controversy on this topic. Howard and Thorne (2010) , by noting the disparate taxonomic distribution of eusociality, posit that an "uncommon suite of factors are responsible" for its evolution. However, a single ecological factor is common to all known cases of malefemale eusociality: all-without exception-presently live, or evolved, inside their food, literally; and all but one (discussed below) of its representative groups are diplodiploid: termites (Isoptera) live in rotting wood, at least primitively (Inward et al. 2007 ); mole-rats (Rodentia: Bathyergidae) live underground, feeding on tubers growing inside their galleries (Faulkes et al. 1997) ; eusocial snapping shrimp (Synalpheus) live their entire lives inside sponges feeding on sponge tissue, and large males are the main contributors to colony defense (Duffy 2003) . Naked mole-rats, Heterocephalus glaber, for instance, do not have to leave their burrow to feed, and they need only to stretch their necks to reach the tubers. Leaving the nest to the virtually bare soil in the semidesert they inhabit entails a considerable risk of predation (Faulkes et al. 1997) , forcing them to stay inside their burrow. There, having only their close kin to mate with, high inbreeding occurs, that is, high values of the r in Hamilton's rule (rb − c > 0; Hamilton 1963) are reached (Reeve et al. 1990) , helping this inequality to be true. Analogous ecological constraints probably led to eusociality in all live-inside-food eusocial species.
The only haplodiploid male-female eusocial organisms are the gall-inducing thrips (Thysanoptera) where soldiers are of both sexes (Crespi and Mound 1997; Chapman et al. 2000) . However, in these species, inbreeding, promoted by life inside galls-again, life inside food-has led to extremely high levels of relatedness between pairs of siblings, sister-sister, sister-brother, and brother-brother (r > 0.76 in all cases in the eusocial genera Kladothrips and Oncothrips; Chapman et al. 2000) . In the words of these authors: "High inbreeding levels in eusocial thrips are thus consistent with the presence in these species of soldiers of both sexes" (Chapman et al. 2000) . Thus, inbreeding seems to have overridden haplodiploidy, leading to both sexes being highly related and eusocial.
Eusocial aphids may also appear to be an exception to the haplodiploid female-only eusociality pattern, because they are all female and diplodiploid, but in this case gender is immaterial as these animals are essentially asexual by virtue of being parthenogenetic, with an r among colony members of 1 (Stern and Foster 1997) . The same is true of the recently discovered eusocial flatworms, the undescribed trematode Himasthla sp. B, which also reproduce clonally so their coefficient of relatedness is again 1 (Hechinger et al. 2011) . The existence of these cases suggests the addition of a third kind of eusociality, namely clonal eusociality, but because clonality is associated with many kinds of aggregations (urochordates, corals, slime mold), this is best treated in the context of the "organismality" concept introduced by Queller and Strassmann (2009) , which is beyond the scope of this note.
The only known eusocial beetle, Austroplatypus incompertus (Coleoptera, Curculionidae; Kent and Simpson 1992), seems to be a special case: it is diploid (Smith et al. 2009 ) but, unlike other diplodiploid eusocial species, workers are all female (Kent and Simpson 1992) . These beetles lead lives similar to termites, inside the heartwood of Eucalyptus trees (Kent and Simpson 1992; Kirkendall et al. 1997) , feeding on symbiotic fungi whose spores they carry into the tree in structures called mycangia (Kent 2008) . Their colonies are small (6-7 members) and long-lived, composed of a female with her unfertilized daughters, who defend and maintain the galleries in which they live (Kent and Simpson 1992) . Because the daughters of the founder female have lost their tarsi, making them unable to leave the gallery to mate, and have been found to have empty spermatheca, Kent and Simpson (1992) concluded that they constitute a sterile caste. Austroplatypus belongs to the Platypodinae, a subfamily derived from within the Scolytinae (Farrell et al. 2001) . Significantly, the latter contains many haplodiploid species and strongly female-biased sex ratios (Normark et al. 1999 ). Hence, a primitive haplodiploid ancestry may be at the root of the female-only workers in A. incompertus. Unfortunately, the patterns of relatedness of this species are as yet unknown. Clearly, further study is necessary to fully understand this case. Recently, another ambrosia beetle, the haplodiploid Xyleborinus saxeseni, has been described as primitively eusocial because reproductive division of labor is not complete (Biedermann and Taborsky 2011) . These authors report that workers are all adult females and larvae. Males participate in allogrooming but this may be a way of assessing female mating status because it was frequently followed by a mating attempt (Biedermann and Taborsky 2011) . The authors suggest that a combination of haplodiploidy and inbreeding has favored the observed pattern of workers' genders. As a case of a nonhymenopteran, haplodiploid eusocial insect, the fact that workers are mostly female in X. saxeseni is especially significant and strongly supportive of the kin selection haplodiploidy hypothesis.
It can therefore be concluded that in eusocial organisms, when only females are related (haplodiploidy) only females are eusocial, whereas when both sexes are related (animals living inside their food) males and females are eusocial. Thus, high values of coefficients of relatedness-by facilitating the compliance of Hamilton's rule-seem to be at the root of all cases of extreme altruism, that is, eusociality, supporting the kin selection hypothesis. These values of r are either obligate in females of haplodiploid eusocial species, or are reached by ecological circumstances affecting both sexes in live-insidefood species. The co-occurrence of high relatedness and eusociality in many unrelated taxa representing independent evolutionary events supports the hypothesis that kin selection was a major factor in the evolution of this trait and that haplodiploidy (when present) did play a fundamental role in it.
From the arguments in this note, it becomes clear that Nowak et al.'s (2010) model contains a basic flaw: it does not reasonably represent reality because it does not accommodate the 2 kinds of eusociality, let alone their genetic and ecological distribution. A kin selection approach, on the other hand, does account for the 2 kinds of eusociality, while their associated ecological and genetic distributions are fundamentally compatible with it: hence the beauty, elegance, and ultimate correctness of Hamilton's rule (Hamilton 1963) .
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